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[57] ABSTRACT 

A self contained ultrasound device for the delivery of 
therapeutic and other types of tools to be visualized in 
an ultrasound-type environment within the blood be- 
fore, during, and after an intervention includes a cathe- 
ter having a catheter body with a proximal and distal 
ends. The catheter contains an ultrasonic transducer 
proximate its distal end. An access port is provided in 
the catheter for delivery of a therapeutic device or the 
like to proximate the distal end of tiie catheter body. A 
guide wire port is further provided for insertion there- 
through of a guide wire. 
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catheter body to transmit ultrasomid and receive result- 
TRANSVASCULAR ULTRASOUND ing echoes so as to provide a field of view within which 

HEMODYN AMIC AND INTERVENTIONAL flow rates can be measured and features imaged. An 

CATHETER AND METHOD electrical conductor is disposed within the catheter 

5 body for electrically connecting the transducer to con- 
This application is a continuation-in-part application trol circuitry external of the catheter. A port me^ns is 
of U.S. application Ser. No. 07/790,580 filed on Nov. 8, disposed in the catheter body and extends from proxi - 
199 1 . mate the proximal e nd of the catheter body to proxi - 

BACKGROUND OF THE INVENTION J^I^^^ ena:5|^^ body for receiving^ a 

10 tncrapeiit lCJkNaceLwheteby^ther apeutic device c an Ee 

The present invention relates to an ultrasonic and ^dgivered to prQxi mateihe_dista ljendof the cathetei't or 
interventional catheter and method. More particularly, ,^pfirftHrifLMatT^in.thr,ii ]trasonic transducer fie ld of vievC^. 
the present invention relates to such a catheter which A gxiide wire port means is further disposed m the cath- 
provides imaging and hemodynamic.capability. Fur- eter body and extends from proxunate the proximal end 
ther, the invention relates to such a catheter which 15 of the catheter body to proximate the distal end of the 
provides transvascular and intracardiac imaging. catheter body for receiving a guide wire. 

Current x-i^y fluoroscopy can localize radio paque The present invention ftnther relates to a medical 
devices within the cardiovascular system and outline system comprising a catheter, control circuitry means 
silhouetted anatomy. Precise localization of intracar- for controlling operation of an ultrasonic transducer 
diac anatomy is not possible; e.g., directing a catheter 20 disposed on the catheter and display means for display- 
predictably and repetitively through the same precise ing flow rates and features imaged by the ultrasonic 
point within the heart. transducer. In one embodiment of this invention, the 

Ultrasound (echocardiography) can be utilized to catheter comprises an elongated flexible body havings 
image detailed cardiac, intracardiac, and vascular anat- proximal and distal ends. Th^ ^ iiltrfl^onic transducer is 
omy. Additionally, fimction, hemodynamics, and visu- 25 mounted proximate the jiistal end_ of the catheter bo dy 
alization of blood flow is possible. Doppler echocardi- tbtransmit ultrasojimd^ dreceive resultant echoes so as 
ography, which utilizes the physics of ultrasound fre- ~ ~to pro\^e a^field"ff'^!^lyitBK"'eyM^^ ^ can 
quency to determine velocity and direction of blood SemSsureJanTSeatiire^ conduc- 
flow, is used to determine pressure and flow and visual- Tor liTS^osSTa ffiecaQSii^^say for electrically con- 
ize blood movement within the cardiac chambers. 30 necting the transducer to control circuitry external of 

Ultrasound is increasmgly utilized as a substitute for the catheter, i^ort jneans i^ fiii;^py. 4js posed in th'c cathe - . 
cardiac catheterization. ter body.and^extendSufr Qm4>roximate-the.f>r cMfii^ gnH 

Currendy, many interventional procedures can be jSrtiie^ a^efeJbody,.^] ^^^^ the distal end of the 
performed through a catheter; e.g., balloon dilation and catheter body for receiving a therapeutic device 
valvuloplasty and ablation of abnormal cardiac tissue 35 whereby the therapeutic device can be dehvered to 
are two frequentiy performed procedures, proximate the distal end of the catheter for operation 

Ultrasound has recentiy entered into invasive appli- within the ultrasonic transducer field of view. A guide 
cations. Transesophageal echocardiography is the most wire port means is further disposed in the catheter body 
widely utilized invasive ultrasound technique. Intravas- and extends from proximate the proximal end of the 
cular ultrasound utilizing miniature transducers 40 catheter body to proximate the distal end of the catheter 
mounted on a catheter are now undergoing vigorous body for receiving a guide wire, 
clinical trials. Intracardiac imaging devices have re- The present invention also relates to a method of 
ceived very limited investigation. therapeutic intervention in a living body. The method 

TfirrpflftiTiprly, thpTflpft^ific cardiac cathete rization is includes the steps of inserting a catheter into the body, 
displacing diagnostic cardiac catheterization. Thus, 45 the catheter having a body with proximal and distal 
Hicrc is an acceptance of catheter technology as a means ends. A surgical device is, inse^tp/^ [ntrk »Vi** V if^y 
of altering cardiac anatomy or conduction system. Bal- through a port disposed ii^ f he catheter body and ex - 
loon angioplasty, utilization of defect closure devices, tendiijg from proxiimte-tfae proximal end of the cath e- 
and electrical interruption of anomalous conduction ter body io the distal end of tiie catheter body. An 
pathways are now considered accepted practice. How- 50 ultrasonic transducer disposed proxunate the proximal 
ever, most of these procedures are rather gross in na- end of the catheterjbpdy is pulsed to transmit ultrasound 
ture; e.g. a large balloon splitting an obstructed valve, and receive resultant echoes. The surgical device is 
crude devices inserted into defects, and application of operated within a field of view provided by the ultra- 
thermal or electric energy to interrupt the conduction sonic transducer. The resultant echoes are processed to 
system or produce defects in septa. 55 image the operation of the surgical device. 

SUMMARY OF THE INVENTION ^ some embodiments, a smaU Oongitudinal), trans- 

verse, biplane, multiplane, dynaimc phased, stereo- 

The present invention relates to an ultrasonic and scopic, and three-dimensional phased array ultrasound 
interventional catheter. The present invention more transducer is combined with a catheter delivery system, 
particularly relates to an ultrasonic and interventional 60 It is appreciated that this system incorporates not only 
catheter which provides imaging and hemodynamics, tomographic, but also three-dimensional, stereoscopic, 
blood pressure and flow, capabiUty. Further, the inven- and virtual reality ultrasound environments. In a pre- 
tion relates to such a catheter which images through the ferred embodiment, the device incorporates a 5 to 10 
vascular system, i,e., transvascular and intracardiac. MHz phased array transducer with a (8 French conduit) 

In one embodiment, the present invention relates to a 65 delivery port. The delivery port serves as a means to 
catheter apparatus comprising an elongated flexible deliver other catheters (i,e., ablation catheters, etc.), 
body having proximal and distal ends with an ultrasonic ^ord pressure and sample blood. W ithin the core of 
transducer mounted proximate the distal end of the the ultrasound catheter there is also a 0.035 inch port for 
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wire insertion. The completed catheter device typically FIG. 7A shows a partial perspective and cross-sec- 
might require an 18 to 24 French sheath for venous tional view of a variation of the second alternate em- 
entry, bodiment of the catheter shown in FIG. 6 A; 

Thft prefiCTit invpffitinn Tnip;>it havp niimM:niic appiji^a- pfQ, 75 shows a view of the distal end of the embodi- 
tioDS. O ne initial application might be the ablation of 5 ment of the catheter shown in FIG. 7A; 
right heart conduction tracts. The proposed device FIG. 8A shows a partial perspective and cross-sec- 
would be ideal for ablation of right heart bypass tracts. tional view of a third alternate embodiment of a cathe- 
The tricuspid valve and its annulus could be confidently ter in accordance with the principles of the present 
nu^ped by direct ultrasound visualization. An electro- invention- 
physiologic catheter or ablation catheter could be 10 FIG.SBshowsa view ofthe distal end of the catheter 
passed through the port contained in the catheter. The shown in FIG. 8A; 

catheter could be manipulated to its destination by use piG. 8C shows a view of the distal end of the cathe- 
of a deflection wire disposed m the guide wire port. ter shown in FIG. 8A having an alternatively shaped 
Precise mappmg and mtervention can then be carried secondary port- 

outunder direct ultrasound visu^ 15 piG. 9A shows partial perspective and cross-sec 

Other apphcations include ulfraspmid r^iidrrl myo- tional view of a fourth alternate embodiment of a cathe- 
cardial biO|^y, surpcal inaplantataon and/or removal of ^ accordance with the principles of the present 

devices under ultrasomid con^rp^ a nd transvascular^ invention* and 

diagnosis of perivascular and organ pathology. FIG. 9B shows a view ofthe distal end of the catheter 

Tfie present mvention provides an mtravascular ul- 20 jn pjQ 

trasound catheter capable of catheter-based interven- 
tion while under visual observation. Avoidance of DETAILED DESCRIPTION OF A PREFERRED 
major surgical procedures in conjunction with precision EMBODIMENT 

catheter mtervention is a substantial improvement over j^^^^ . 4^x7x^-0 ^ ^ *t. • n n 

present patient care. 25 , ^!fT^« T fin is, generally illus- 

These and various other advantages and features of f^^^ by reference nmnerd 20, a catheter m accor- 
novelty which characterize the invention are pointed ^^^^^ ^^J^,^ pnnciples of the present mvention. As 
out with particularity in the claims annexed hereto and ^I'^Y"; ^^^^eter 20 mcludes an elongated flexible or 
forming a part hereof. However, for a better mider- plastic tubular catheter body 22 havmg a proximal 

standing of the invention, its advantages and objects 30 ^'^^^ ^4 and a distal end 26 Catheter 20 mcludes proxi- 
obtained by its use. reference should be made to the longitudmal distal end 26 a phased array ultra- 

drawings which form a further part hereof, and to the transducer 30 which is used to transmit ultrasound 

accompanying descriptive matter, in which there is r^*^^^^ resultant echoes so as to provide a field of 

Ulustrated and described a preferred embodiment of the ^^^^^ ^^^w rates can be measured and 

invention, 35 features imaged. It is appreciated that the other types of 

ultrasonic transducers can be used in the present inven- 
Brief Description of the Drawings tion, such as any mechanical types, or any dynamic 

A better understanding of the construction and oper- array types, or any ofEset stereoscopic imagmg types, or 
ational characteristics of a preferred embodiment(s) can multidimensional imaging types incorporated into a 

be realized from a reading of the following detailed 40 virtual reality environment for underblood operation, 
description, especially in hght of the accompanying An electrical conductor 32 is disposed in the cathe- 

drawings in which like reference numerals in the sev- ^dy 22 for electrically connecting transducer 30 to 

cral views generally refer to corresponding parts, control circuitry 34 external of catheter body 22. An 

FIG. 1 is a partial perspective view of an embodiment access port 40 is disposed in catheter body 22 and ex- 
of a catheter in accordance with the principles of the 45 tends from proximate the proximal end 24 of catheter 
present invention; hody 22 to proxunate the distal end 26 of catheter body 

FIG. 2 is a block diagram in part and sectional dia- 22. Agsss iport 40 is configured to receive a therapeutic 
gram in part illustrating an embodiment of a system device. such_as_a catheter^ medicatiori; sensors, etc., so 
utilizing ike catheter shown m FIG. 1; as to enable such items to be delivered via access po rt'W 

FIG. 3 is an enlarged cross-sectional view taken prox- 50 tndi&tal end 26 of ratheter hndy 22 f^f oprntinn wjf^m 
imatc the proximal end of the catheter shown in FIG. 1; '^ thc^ultrasonic transducer field of view. Such items 

FIG. 4A is an illustration illustrating an application of might be used for interventinn; e.g., ^l;>latinn ra^lnfiiyfr, 
a catheter in accordance with the principles of the pres- ^lirginp^ Hp^ngp, ptr ^ mnnifnriT)^ Mood pressure, sa m- 
cnt invention; ^ing_hlQQd»-fiteU-A guide wire access port 42~is alscJT 

FIG. 4B is a partially enlarged illustration of the 55 disposed within catheter body 22 and extends from 
catheter shown in FIG. 4A. proximate proximal end 24 of the catheter body 22 to 

FIG. 5A shows a partial perspective and cross-sec- proximate distal end 26 of catheter body 22 for receiv- 
tional view of a first alternate embodiment of a catheter ing a guide wire 44. 

in accordance with the principles of the present inven- In the preferred embodiment of the present invention, 
tion; 60 the ultrasonic transducer preferably has a frequency of 

FIG. SB shows a view ofthe distal end ofthe embodi- 5 to 20 megahertz (MHz) and more preferably a fre- 
ment of the catheter shown in FIG. 5A; quency of 7 to 10 MHz. Intracardiac imaging in an adult 

FIG. 6A shows a partial perspective and cross-sec- will require image penetration of up to 2 to 10 centime- 
tional view of a second alternate embodiment of a cath- ters (cm). In the preferred embodiment, catheter body 
eter m accordance with the principles of the present 65 22 preferably has a diameter of 4 to 24 French [one 
invention; French divided by Pi equals one millimeter (mm)] and, 

FIG. 6B shows a view ofthe distal end of the catheter more preferably, a diameter of 6 to 12 French. In the 
shown in FIG. 6A; preferred embodiment, access port 40 has a diameter of 
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7 to 8 French and guide wire port 42 has a diameter of Polyvinylidencdifloride (PVDF) 60, which is bonded 

0.025 to 0.038 inches. by an epoxy layer 62 to a depression 64 approximate 

As generally illustrated in FIG, 3, catheter 20 of the distal end 26. Although some detail is provided with 

present invention can be utilized m a medical system respect to an embodiment of an ultrasonic transducer 

including the appropriate control circuitry 34 for con- 5 which might be used, it will be appreciated that various 

trolling operation of the ultrasonic transducer. As illus- types of transducers having various configurations and 

trated in FIG. 3, control circuitry 34 is electrically orientations might be utilized in keeping with the pres- 

interconnected to transceiver circuitry 35 (T/R) for ent invention. 

receiving and transmitting signals via a cable 36 to ultra- As illustrated in FIGS. 4A and 4B, the operational 
sonic transducer 30. In turn, transceiver circuitry 35 is 10 portion 56 of the therapeutic device is illustrated as 
electrically interconnected to Doppler circuitry 37 and generally being capable of operation in the field of view 
an appropriate display device 38 for displaying hemo- of ultrasonic transducer 30, Accordingly, it is possible 
dynamics or blood flow. In addition, transceiver cir- for the user to monitor operation of tie therapeutic 
cuitry 35 is electrically interconnected to suitable imag- device by use of the ultrasonic transducer. Moreover, it 
ing circuitry 39 which is interconnected to a display 41 15 is possible for the user to monitor the features of the 
for displaying images. body within the field of view before, during and after 
During operation, control circuitry 34 might be de- interventional activity. It is appreciated that the other 
signed to cause ultrasonic transducer 30 to vibrate so as types of ultrasonic transducers can be used in the pres- 
to cause an appropriate ultrasound wave to project ent invention, such as any mechanical types, or any 
from proximate the distal end 26 of catheter body 22. 20 dynamic array types, or any offset stereoscopic imaging 
The ultrasound wave, represented by lines 50 in FIG. 2, types, or any multidimensional imaging types incorpo- 
will propagate through the blood surrounding distal rated into a virtual reality environment for underblood 
end 26 and a portion of the body structure. A portion of operation, etc., so that all forms of field of views, such 
the ultrasound wave so transmitted will be reflected as 1) tomographic (slices), 2) stereoscopic, 3) three-di- 
back from both the moving red blood cells and the like 25 mensional, 4) virtual reaUty (multidimensional) can be 
and the body structures to impinge upon transducer 30. provided in the present invention. In addition, it is ap- 
An electrical signal is thereby generated and transmit- predated that the orientations of the scan array on the 
ted by the cable 36 to the input of transceiver 35. A catheter can mclude side-view, end-view, multiview 
signal might then be transmitted to Doppler circuitry 37 (two or more views that are movable or imminently 
which wiU include conventional amplifying and filter- 30 directional transducer referred to in the literature as 
ing circuitry commonly used in Doppler flow metering "omnidirectional"), etc. 

equipment. Doppler circuitry 37 will analyze the Dop- FIG. 5 A shows a partial cross-sectional view of a first 

pier shift between the transmitted frequency and the alternative embodiment 70 of the catheter apparatus, 

receive frequency to thereby derive an output propor- The catheter apparatus has an elongated flexible or rigid 

tional to flow rate. This output may then be conve- 33 body 72 having a longitudinal axis and a proximal end 

niently displayed at display 38 which might be a con- 74 and a distal end 76. Disposed proximate a second side 

ventional display tenninaL Accordingly, the user will of body 72 is a port 78 extending through body 72 from 

be able to obtain a readout of blood flow rates or hemo- proximate proximal end 74 to proximate distal end 76 of 

dynamic information. body 72. P^^ '^^ f pr receiving and delivering to distal 
In order to obtain imaging information, control cir- 40 76 of frddy 72 a working „tQQ?. Working tool 84 

cuitry 34 will likewise trigger ultrasonic transducer 30 shown hi the' higures is illusttative Qiily,xthgK ty pes of 

via transceiver 35 to vibrate and produce an ultrasound tools no w known or later developecfmay also be deliv - 

wave. Once again, a portion of the wave or energy will area to distal end 76 through port 78. Proximate a first 

be reflected back to ultrasonic transducer 30 by the side of body 72 is a guide wire port 80 extending 

body features. A corresponding signal will then be sent 45 through body 72 from proximate proximal end 74 to 

by cable 36 to transceiver circuitry 35. A corresponding proximate distal end 76. Shown in guide port 80 is a 

signal is then sent to the imaging circuitry 39 which will guide wure 86. 

analyze the incoming signal to provide, at display 41, Distal end 76 is disposed at an obhque angle to the 

which also might be a conventional display apparatus, longitudinal axis of body 72, the first side of body 72 

an image of the body features. 50 extending further in the direction of the distal end than 

^ This imaging can occur while a therapeutic or surgi- the second side of body 72. An ultrasonic transducer 82, 

cal device is being used at distal end 26 of catheter 20 having a first side and a second side, is disposed at an 

within the field of view provided by ultrasonic trans- oblique angle to the longitudinal axis of body 72 approx- 

ducer 30. Accordingly, the user will be able to monitor imately corresponding to the oblique angle of distal end 

V his/her actions and the result thereof. 55 76 of body 72. The first side of ultrasonic transducer 82 

As illustrated in FIG. 3, catheter body 22 might in- is disposed proximate the first side of body 72 and the 

elude proximate its proximal end 24 a suitable mo\mting second side of transducer 82 is disposed proximate the 

structure 52 to the access port 40. A therapeutic or second side of body 72. Extending from transducer 82 

surgical device structure 53 might be suitably attached to proximate proximal end 74 of body 72 is an electrical 

to structure 52 by suitable means, e.g., threaded, etc. As 60 conductor 83 connecting transducer 82 to control cir- 

illustrated, an elongated cable-like member 54 vnll ex- cuitry external of catheter 70, as described with respect 

tend along access port 40 and slightly beyond distal end to catheter 20 above. Having transducer 82 disposed on 

26 of catheter body 22 wherein an operative portion 56 an oblique angle toward port 78 allows for easy visual- 

of the surgical tool might be interconnected. ization of tools, such as tool 84, extending beyond distal 

Additional detail of distal end 26 of catheter body 22 65 end 76 of body 72. 
is illustrated in FIGS. 4A and 4B. As illustrated in FIG. 5B shows a view of distal end 76 of body 72, 

FIGS. 4A and 4B, ultrasonic transducer 30 might in- showing guide wire port means 80, transducer 82, and 

elude a piezo electric polymer, such as port means 78. 



09/25/2003, EAST Version: 1.04.0000 



5,345,940 



10 



15 



FIG. 6A shows a partial cross-sectional view of a 
second alternative embodiment of the catheter in accor- 
dance with the present invention, generally referred to 
as 88. Like first alternative embodiment 70, catheter 88 
has an .elongated flexible or rigid body 90 having a 
proxinml end 92 and a distal end 94. Catheter 88.a]so has 
a port 96 extending through body 90 from proximate 
proximal end 92 to proximate distal end 94. Port 96 has 
a distal end 91 proximal distal end 94 of body 90. Distal 
end of port 96 exits body 90 at an acute angle to a 
first side of body 90 toward distal end 94. Port 96 is for 
receiving and delivering to distal end 94 a working tool, 
such as working tool 84. Catheter 88 also has a guide 
wire port 98 extending through body 90 from proximate 
proximal end 92 to proximate distal end 94. Guide wire 
port 98 is for receiving a guide wire 86. 

Also shown in FIG. 6A is a transducer 100 disposed 
to a first side of body 90 between distal end 94 and distal 
end 97 of port 96. Extending from transducer 100 to 
proximate proximal end 92 of body 90 is an electrical 2C 
conductor 102 disposed in the catheter body 90 for 
electrically connecting transducer 100 to control cir- 
cuitry external of the catheter. With transducer 100 
disposed to the first side of body 90 and distal end 97 of 
port 96 exiting body 90 at an acute angle relative to the 25 
first side of body 90 toward distal end 94, working tools 
extending from distal end 97 of port 96 will be within 
the field of view of transducer 100. 

FIG. 6B shows a view of distal end 94 of catheter 88, 
as shown in FIG. 6A. 

FIG. 7A shows second alternative en;ibodiment 88, as 
shown m FIG. 6A, except instead of having a guide 
wire port 98, this variation of the second alternative 
embodiment 88 has a deflection^wire guidance system 
106 for manipulating distal end 94. FIG. 7B shows a 35 
view of distal end 94 of 5ie catheter shown in FIG. 7A. 

FIG. 8A shows a third alternative embodiment 110 of 
the catheter in accordance with the present invention. 
Third alternative embodiment 110 has a body 112 hav- 
ing a distal end 114 and proximal end 116. Disposed 40 
proximate a first side of body 112 is a primary port 118 
extending-through body 112 from proximate proximal 
end 116 to proximate distal end 114. Primary port 118 
has a distal end 119 proximate distal end 114 of body 
112. Oppositely disposed from primary port 118, proxi- 
mate a second side of body 112 is a secondary port 120 
extendmg through body 112 from proximate proximal 
end 116 to proximate distal end 114. Secondary port 120 
has a distal end 121 proxunate distal end 114 of body 
112. ^ 

Mounted proximate distal end-114.of.body 112 is a 
transducer 122. Extending from transducer 122 through 
body 112 to proximate proximal end 116 is an electrical 
conductor for^electrically connecting the transducer 
122 to control circuitry external of the catheter. Trans- 
ducer 122 is disposed between distal ends of primary 
and secondary ports 119 and 121, respectively. ^With 
working ports 118 and 120 oppositely disposed on ei- 
ther side of transducer 122, it is possible to conduct two 
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tially position catheter 110. Then the guide wire could 
be retracted from port 118 or 120 and a working tool 
introduced. FIG. 8B shows a view of distal end 114 of 
catheter 110. 

HG. 8C shows a view of a distal end 124 of a catheter 
126 substantially like catheter 110 shown in FIG. 8A 
and FIG. 8B, except that catheter 126 has a primary 
port 128 having an arc-like shaped cross-section, rather 
than a circular shaped cross-section. Although a circu- 
lar cross-section has been shown in the Figures for the 
various ports described herein, the size and shape of the 
ports can be varied without departing from the princi- 
pals of the present invention. 

FIG. 9A shows a fourth alternative embodiment 130 
of the catheter of the present invention. Catheter 130 is 
similar to catheter 70 shown in FIG. 5A and FIG. 5B, 
except that a plurality of ports 132 are disposed proxi- 
mate a second side of flexible body 131, rather than one ^ 
port 78, as shown in FIG. 5A. With a pluraHty of ports, 
it is possible, for example, to use a therapeutic tool 
through one port while simultaneously suctioning and 
removmg debris through another port; or a therapeutic 
tool can be used through one port while simultaneously 
electrophysiologically monitoring, suctioning and/or 
j|biopsying through a second port, third or fourth port. 

The use of the catheter of the present invention is 
described with respect to the preferred embodiment 20. 
It is understood that the use of alternative embodiments 
70, 88, 110, 126 and 130 is analogous. In use, the user 
would insert flexible catheter body 22 into the body via 
the appropriate vascular access to the desired location 
in the body, such as selected venous locations, heart 
chamber, etc. In one approach, a guide wire might be 
first mserted into place and then the catheter body fed 
along the guide wire. The user might then insert a surgi; 
cal device into the body through access port 40 and feed 
the surgical device to proximate distal end 26 of cathe- 
ter body 22. Prior to, during and after operation of the ^ 
surgical device, the user might obtain both hemody- 
namic measurements and images from the ultrasonic 
transducer field of view. By operation of the surgical 
device within the field of view of transducer 40, the user 
can monitor operation of the surgical device at all times. 

I. DETAILED FEATURES OF THE DISCLOSED 
CATHETERS 

A. Frequency Agility Ultrasound Frequency 

Frequency Agility refers to the abihty of a transducer 
to send and receive at various frequencies, most com- 
monly 3, 5, and 7 MHz. It is also appreciated that a 
single frequency from a single transducer device c^ be 
sent and received. In general, higher frequencies are 
used to image fine detail of more proximal or closely 
related objects while lower frequency transducers scan 
more remote objects with less detail. The proposed 
device optunally uses a 5 to 20 mHz transducer with the 
most optimally applied frequency of 7 to 10 mHz, The 



simultaneous ?priir>ntF^nS;^irb^fi holding an object wit 60 lower frequency used in the UIHC reflects the need to 



a first tooLdisposed througnone port aiid operatme -on. 
tiie object held by the f irst tool with a second tool dis- 
~ josea through the other portT A typical working tool 
ana working tool 84 are shown disposed with ports 
118 and 120. 

Although third alternative embodiment 110 does not 
include a guide wire port means, a guide wire could be 
used in primary port 118 or secondary port 120 to ini- 



image larger objects such as the cardiac septa, valves, 
and extravascular anatomy. 

B. Catheter size 

65 Catheter diameters will generally be larger than intra- 
vascular catheters and wall range 4 to 24 French with 
the optimal catheter diameter 6 to 12 French (French 
size = French divided by Pi plus millimeter diameter). 
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C. Intervention 



One primary function of this catheter system is to 
guide the lo^cal and safe use of various a) ablation, b) 



laser, c) cutting, d) occluding. 




e tcIT^tliefer-ba 
The invention 



mtcrvcntional cardiovj 
'"^e access port tiu-ough inrbich other technologies (de- 
vices) can be passed. Once the interventional tool exits 
the catheter tip, it can be directed repeatedly and selec- 
tively to specific site for controlled intervention. 

D. Imaging 
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The invention is also an imaging system capable of 
visualizing intracardiac, mtravascular, and extravascu- 
lar structures. Because the transducer frequencies uti- 15 
lized are usually louver than intravascular systems, the ~ 
catheter 20 can see multiple cardiac cavities and visual- 
ize structures outside the vascular system. The imaging 
capability is basically two-fold: 1) diagnostic and 2) 
application. " 20 

1. Diagnostic imagmg: The catheter 20 can effec- 
tively perform diagnostic intracardiac and trans- 
vasctdar imaging. This appMcation will more than 
likely be performed just prior to an interventional 
application. The intervention then will follow 25 
using the same catheter system and its unique dehv- 
ery capability. Some examples of diagnostic imag- 
ing include 1) accurate visualization and measure- 
ment of an intracardiac defect, 2) characterization 
of valve orifice, 3) localization of a tumor and its 30 
connections^ 4) etc. Extravascular diag nose^ would 
mclude 1) visualize pancreatic mass/pathology, 2) 
retroperitoneal pathology, 3) intracranial imaging, 

4) recognition of perivascular pathology, and 5) 
etc. 35 

2. Application imaging refers to the use of the cathe- 
ter and its imaging capability to deliver and then 
apply another technology such as 1) occlusion 
device for closure of a septal defect, 2) ablation 
catheters for treatment of bypass tracts, 3) creation 40 
of a defect such as that with the blade septostomy 
catheter or laser-based catheter system, and 4) 
directing of valvuloplasty, etc. By direct imaging 
of an application, such as ablation, the procedure 
will be able to be performed more safely and re- 45 
peatedly, and the result can be better assessed. 

B. Hemodynamics 

The catheter 20 is a truly combined ultrasound Dop- 
pler and conventional hemodynamic catheter. There 50 
are Doppler catheters, and there are catheters capable 
of imaging and measuring hemodynamic pressure. 
However, the catheter 20 is capable of Doppler hemo- 
dynamics (continuous and pxdsed-wave Doppler) as 
well as hi^-lidelity hemodynamic pressure recording 55 
while simultaneously imagmg the heart and blood ves- 
sel. The catheter 20 provides a combination of imaging, 
hemodynamic, and interventional deUvery catheter. 



n. ANALOGY WITH OTHER EXISTING 
THERAPEUTIC TECHNOLOGIES 



60 



Like interventional peritoneoscopy, intracardiac ul- 
trasound is capable of 1) imaging, 2) delivering a thera- 
peutic device, and 3) obtaining simultaneous hemody- 
namics which can be used to develop less invasive car- 65 
diac surgical techniques. This simultaneous use of one 
or more devices within the heart or vascular tree opens 
up the potential to develop less invasive surgical thera- 



pies. Examples would include 1) removal of a cardiac 
tumor by visuaDy grasping the tumor with one device 
and visually cutting its attachment with a second de- 
vice, thus allowing less invasive extraction of intracar- 
diac mass lesions, 2) visually placing an electrophysio- 
logic catheter on a bypass tract and then with direct 
ultrasound visualization ablate the underlying tract with 
the second device, 3) visually performmg laser surgery 
such as creating an intra-atrial defect, vaporization of 
obstructing thrombus such as is seen in pseudointimal 
occlusion of conduits, 4) visually removing a foreign 
body from the heart or vascular tree, and 5) directing 
intravascular surgery from within a blood vessel or 
monitoring concomitant hemodynamic changes. 

m. SELECTED APPLICATIONS INCLUDE THE 
FOLLOWING 

A. Radio frequency ablation 

Presently a bypass tract is^ocalized by an electro- 
physiologic study which systematically maps the atrio- 
ventricular valve annulus. Positioning of the ablation 
catheter is determined by x-ray fluoroscopy and certain 
electrical measurements which relate the distance of the 
ablation catheter from a reference catheter. The cathe- 
ter 20 will allow an operator to map the atrioventricular 
valve under direct ultrasound visualization. Thus, in- 
creased accuracy of catheter placement, precision of 
the applied therapy, and immediate assessment of out- 
come would resiilt. 

The above ablation technique would be particularly 
applicable for right-sided bypass tracts (in and around 
the tricuspid valve annulus). This would be accom- 
plished by placement of the catheter 20 through the 
superior vena cava above the tricuspid annulus. 

For left-sided bypass tracts, the catheter 20 could be 
placed across the atrial septum under direct ultrasound 
visualization. The mitral annulus could thus be mapped 
directly and the localized bypass tract precisely ablated 
under visual ultrasoiuc and hemodynamic direction. 
Complications such as valve perforation, multiple im- 
precise apphcations of ablation energy, and inadvertent 
ablation of normal conduction tissue would be substan- 
tially reduced. 

Ablation of bypass tracts would be an ideal utilization 
of the proposed ultrasonic interventional catheter sys- 
tem. 

B. Cardiac Biopsy 

In the era of safe cardiac biopsy, there is a need for 
precision biopsy. Ultrasound direction of the biopsy 
device to an intracardiac tumor, avoidance of scar, and 
selective biopsy of suspect tissue are feasible with the 
catheter 20 device. One of the more frequently Hfe- 
threatening complications in the cardiac catheterization 
laboratory is catheter perforation of the heart. Such 
compHcations most commonly accompany cardiac bi- 
opsy, electrophysiologic catheter manipulation, and 
valvuloplasty. Use of an intracardiac ultrasound imag- 
ing, hemodynamics, and delivery catheter should sub- 
stantially increase or improve safety of these proce- 
dures. 

C. Transvascular Diagnoses 

The catheter 20 will allow visualization of perivascu- 
lar and extravascular pathology. Transvascular or tran- 
sorgan imaging and localization of pathology out of the 
immediate vascular tree will result in a substantial step 
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forward in the diagnosis and possible treatment of dlffi- 
cult to reach pathology. The catheter 20 cannot only 
hvX gnide-na-yQpsy _needle and therapeutic 
"ge^c ejo an extravascular lesion in question. The retro-* 
pentoneum, mediastinum, and basal cerebrovascular 5 
pathology are logical areas of interest. Accurate charac- 
terization of various pathologies will be more feasible. 
Every organ has its own vascular system, and the pro- 
posed ultrasound transvascular system is an ideal tool to 
assess difHcult to reach areas of the body. The vascular 10 
system is a conduit to each organ, and the catheter 20 
can be delivered to each organ. Characterization of the 
underlying parenchyma and possible transvascular bi- 
opsy or treatment will ultimately be developed. 

D. Ultrasound Manipulation of Therapeutic Devices 
within the Heart and Blood Vessels 

The catheter 20 opens the potential not only to visual- 
ize but to directly intervene with the same catheter 
system. There are numerous intraoperative catheter- 20 
based systems which to date use conventional x-ray to 
accomplish their goal of placement and application of a 
specified therapy. There is a need for a device which 
can more precisely guide such catheter-based systems. 
It is too expensive and technically impractical to incor- 25 
porate ultrasound into every catheter-based technol- 
ogy. The catheter 20 has all the prerequisites of an ideal 
imaging and interventional instrument and has the abil- 
ity to 1) image, 2) obtain hemodynamics by multiple 
means (pressure dynamics and Doppler, 3) function as a 30 
diagnostic as well as therapeutic device, and 4) accom- 
modate other unique technologies which would en- 
hance the application of both systems. 

E. General Applications 

It is anticipated t hat intrav aSSylarj trancvggf^nlarj anH 
intracardj ac devicp< rnnlrf-hfl^ Hnlivprr^rl fhrnnp^h the 

port means described above within or about the heart 
and blood vessels of the body. The catheters described 
above, however, could also be used in any echogenic 40 
tissue, such as liver, parenchyma, bile ducts, ureters, 
urinary bladder, and intracranial — i.e., any place in the 
body which is echogenic which would allow passage of 
a catheter for either diagnostic or therapeutic applica- 
tions using ultrasound visualization. 45 

F. Expanding Applications of Technologies 

The catheter 20 is a new and exciting innovation to 
invasive medicine. There are multiple other and yet-to- 
be-determined applications. However, the new concept 50 
described opens the potential development of less ex- 
pensive, more precise, and safe mtravascular and trans- 
vascular diagnostic and surgical devices. 

IV. Summary 

The catheter 20 is very much different from any 
conventional ultrasound catheter-based system. The 
catheter 20 incorporates image and hemodynamic capa- 
bility as well as the ability to deliver other diverse tech- 
nologies to specified sites within the cardiovascular 60 
system (heart and blood vessels). The catheter 20 is seen 
as an ideal diagnostic and therapeutic tool for future 
development. The proposed applications foster greater 
preciseness, adaptability, and safety. Ultrasound permits 
visualization from within blood-filled spaces as well as 65 
through blood-filled spaces into other water- or fluid- 
filled tissue. The catheter 20 will evolve into the ulti- 
mate interventional system. 
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FIG. 4 A is an illustration showing one potential use 
of the ultrasound imaging and hemodynamic catheter 
(UIHC). In this particular example, the UIHC is ad- 
vanced from the superior vena cava to the tricuspid 
valve annulus. Simultaneously visualized in the annulus, 
electrophysiologic and ultimately and ablation proce- 
dure are performed. The ability to directly visualize and 
direct therapeutic catheter devices highlights only one 
of the many applications of the UIHC. 

It is to be understood, however, that even though 
numerous characteristics and advantages of the present 
invention have been set forth in the foregoing descrip- 
tion, together with details of the structure and fiinction 
of the invention, the disclosure is illustrative only, and 
changes may be made in detail, especially in matters of 
shape, size and arrangement of parts within the princi- 
ples of the invention to the full extent mdicated by the 
broad general meaning of the terms in which the ap- 
pended claims are expressed. 

What is claimed is: 

1. A catheter apparatus, comprising: 

an elongated body having proximal and distal ends 
and first and second sides, wherein the first side 
extends further in the direction of the distal end of 
the catheter body than the second side; 

a port disposed in the catheter body proximate the 
second side of the catheter body, the port extend- 
ing from proximate the proximal end of the cathe- 
ter body to proximate the distal end of the catheter 
body for receiving a therapeutic device whereby a 
therapeutic device can be delivered to proximate 
the distal end of the catheter; 

an ultrasonic transducer having a first side and a 
second side, the ultrasonic transducer being 
mounted proximate the distal end of the catheter 
body and bemg disposed between the port and the 
first side of the catheter body with the first side of 
the ultrasonic transducer bemg proximate the first 
side of the body and the second side of the trans- 
ducer being proximate the second side of the body, 
so that the transducer is tilted toward the port to 
transmit ultrasound and receive resultant echoes to 
provide a field of view within which flow rates can 
be measured and features imaged including the 
therapeutic device delivered to proximate the dis- 
tal end of the catheter through the port; and 

an electrical conductor disposed in the catheter body 
for electrically connecting the transducer to con- 
trol circuitry external of the catheter. 

2. The catheter apparatus, in accordance with claim 
1, fiuther comprising a guide v^e port disposed in the 
catheter body proximate the first side of the catheter 
body, the guide wire port extending from proximate the 
proximal end of the catheter body to proximate the 
distal end of the catheter body for receiving a guide 
wire. 

3. A catheter apparatus, comprising: 

an elongated body having proximal and distal ends, 
and a first side; 

a port having a distal end, the port being disposed in 
the catheter body and extending firom proximate 
the proximal end of the catheter body to proximate 
the distal end of the catheter body, the distal end of 
the port exiting the catheter body proximate the 
first side and the distal end of the catheter body at 
an acute angle to the first side of the catheter body, 
whereby a therapeutic device can be delivered to 
proximate the distal end of the catheter; 
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an ultrasonic transducer moimted on the first side of 
the catheter body between the distal end of the port 
and the distal eiid of the catheter body to transmit 
ultrasound and receive resultant echoes so as to 
provide a field of view within which flow rates can 
be measured and features imaged including the 
therapeutic device delivered to proximate the dis- 
tal end of the catheter through the port; and 

an electrical conductor disposed in the catheter body 
for electrically connecting the transducer to con- 
trol circuitry external of the catheter. 

4. The catheter apparatus in accordance with claim 3, 
further comprising a guide wire port disposed in the 
catheter body and extending from proximate the proxi- 
mal end of the catheter body to proximate the distal end 
of the catheter body for receiving a guide wire. 

5. The catheter in accordance with claim 3, further 
comprising a deflection wire guidance system. 

6. A catheter apparatus, comprising: 
an elongated body having a fint side and a second 

side, and proximal and distal ends; 

a primary port disposed proximate the first side of the 
catheter body and extending from proximate the 
proximal end of the catheter body to proximate the 25 
distal end of the catheter body for receiving a first 
therapeutic device whereby the first therapeutic 
device can be delivered to proximate the distel end 
of the catheter; 

secondary port disposed proximate the second side of 
the catheter body and extending from proximate 
the proximal end of the catheter body to proximate 
the distal end of the catheter body for receiving a 
second therapeutic device whereby the second 
therapeutic device can be delivered to proximate 
the distal end of the catheter; 

an ultrasonic transducer mounted between the pri- 
mary port and the secondary port and proximate 
the distal end of the catheter body to transmit ultra- 
sound and receive resultant echoes to provide a 
field of view within which flow rates can be mea- 
sured and features imaged including the first and 
second therapeutic devices delivered to proximate 
the distal end of the catheter through the port, an 45 
operational end of each of the first and second 
therapeutic devices projecting from proximate the 
distal end of the catheter body into the field of 
view so as to allow visualization of the first and 

50 



35 



40 



second therapeutic devices during their operation; 
and 

an electrical conductor disposed in the catheter body 
for electrically connecting the transducer to con- 
trol circuitry external of the catheter. 

7. A catheter apparatus, comprising: 

an elongated body having proximal and distal ends 
and a first side and a second side, wherein the first 
side extends further in the direction of the distal 
end of the catheter body than the second side; 

a pluraHty of ports disposed in the catheter body 
proximate the second side of the catheter body and 
extending &om proximate the proximal end of the 
catheter body to proximate the distal end of the 
catheter body for receiving at least one therapeutic 
device whereby at least one therapeutic device can 
be delivered to proximate the distal end of the 
catheter, 

an ultrasonic transducer having a fint side and a 
second side, the ultrasonic transducer being 
mounted proximate the distal end of the catheter 
body, the transducer being disposed between the 
plurality of ports and the first side of the catheter 
body with the first side of the transducer proximate 
the first side of the catheter body and the second 
side of the transducer being proximate the second 
side of the catheter body, so that the transducer is 
tilted toward the plurality of ports to transmit ul- 
trasoimd and receive resultant echoes so as to pro- 
vide a field of view within which flow rates can be 
measured and features imaged including at least 
one therapeutic device delivered to proximate the 
distal end of the catheter through the plurality of 
ports, an operational end of at least one therapeutic 
device projecting from proximate the distal end of 
the catheter body into the field of view so as to 
allow visualization of at least one therapeutic de- 
vice during its operation; and 

an electrical conductor disposed in the catheter body 
for electrically connecting the transducer to con- 
trol circuitry external of the catheter. 

8. The catheter apparatus in accordance with claim 7, 
further comprising a gxiide wire port disposed in the 
catheter body proximate the first side of the catheter 
body, the guide wire port extending from proximate the 
proximal end of the catheter body to proximate the 
distal end of the catheter body for receiving a guide 
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